Hybridization probes specific for the hux4 genes of four groups of luminous bacteria were used to screen luminous isolates obtained from the Persian Gulf, near Al Khiran, Kuwait. Nine of these isolates were identified as Vibrio harveyi, a commonly encountered planktonic isolate, while three others showed no hybridization to any of the four probes (V. harveyi, Vibriofischeri, Photobacterium phosphoreum, or Photobacterium leiognathi) under high-stringency conditions. Polymerase chain reaction amplification was used to prepare a lux4 probe against one of these isolates, K-1, and this probe was screened under high-stringency conditions against a collection of DNAs from luminous bacteria; it was found to hybridize specifically to the DNA of the species Vibrio splendidus. A probe prepared against the type strain of V. splendidus (ATCC 33369) was tested against the collection of luminous bacterial DNA preparations and against the Kuwait isolates and was found to hybridize only against the type strain and the three unidentified Kuwait isolates. Extensive taxonomic analysis by standard methods confirmed the identification of the 13 isolates.
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The ecology of the luminous bacteria is complex (10, 11, 19) ; even a given species can exhibit a variety of life-styles and inhabit several niches, including planktonic, saprophytic, symbiotic, and parasitic niches. Neither the dynamics of the bacterial populations nor the importance of the different niches to the overall ecology of the luminous bacteria is understood, even though a great deal of information is available concerning the distribution and abundance of various luminous species. The taxonomic scheme of Reichelt and Baumann (25) and slight modifications of it (17) have been used widely to identify the luminous bacteria of four major groups: Vibrio harveyi, Vibriofischeri, Photobactenum phosphoreum, and Photobacterium leiognathi. Using these methods, Ruby and Nealson (32) showed seasonal population variations in the species composition of planktonic luminous bacteria off the coast of southern California, and Shilo and Yetinson (33, 36) demonstrated similar variations for waters of the Mediterranean Sea and the Gulf of Elat. Ruby et al. (28) showed that different species were found at different depths in the Sargasso Sea, while other workers have identified luminous bacteria as saprophytes, gut symbionts, and light organ symbionts in a variety of environments (4-9, 13, 14, 18, 20-22, 24, 28-32) .
The above-cited studies were all subject to similar methodological limitations, which result from the fact that some other luminous marine vibrios (Vibno onentalis, Vibrio splendidus, and Vibno vulnificus) in the V. harveyi group are sufficiently similar to V. harveyi that they cannot be distinguished from V. harveyi by the rapid taxonomic methods commonly used (17) . Thus, many of the organisms identified by rapid taxonomic methods (17, 25) (23) .
In this report, we describe the use of luxA4 probes to identify bacteria isolated from the Gulf of Arabia. These studies resulted in the identification of V. splendidus biotype A or biovar 1 as a member of the planktonic luminous community and in the development of a new lux4 probe specific for luminous V. splendidus.
MATERIALS AND METHODS
Sampling site and collection. Samples were collected in southern Kuwait, near the inlet from the Gulf of Arabia near the town of Al Khiran (Fig. 1) . Sampling was done by hand with sterile tubes held with their openings facing into the tidal flow. All samples were taken as the tide was entering the lagoon or inlet. The general location from which each sample was taken is not specified, because all samples were planktonic and presumably represented nearshore gulf water samples.
Samples (35) to distinguish more closely related V. harveyi-like organisms. The diagnostic characters used are shown in Table 2 . Control strains used were V. harveyi B392 (25) , V. fischeri MJ-1 (31), P. leiognathi PL721 (27) , P. phosphoreum NZ11D (29) , and V. splendidus B397 (25) . We had no control strain for V. orientalis, so data were taken from Yang et al. (35) .
Luciferase enzyme turnover kinetics were determined for representative Kuwait strains. The methods used involved cell lysis and examination of a crude cell extract for luciferase activity (in comparison with those in control strains) as described by Nealson (17) . Decanal and dodecanal were used separately in the assays, and luciferase kinetics were classified as either slow or fast, depending on the ratio of turnover rates for these two aldehydes. DNA isolation, luxA amplification, radiolabelling, and filter hybridizations were done as described by Wimpee et al. (34) . All hybridizations were done at 42°C, and posthybridization washes were done in 0.ix SSC (ix SSC is 0.15 M NaCl plus 0.015 M sodium citrate) at 65°C. Figure 2 shows the results of screening of the DNA from the 13 Kuwait isolates with the luxA probe from V. harveyi B392. Nine of the isolates appeared to be in the V. harveyi group, while three (K-1, K-11, and K-12) were apparently different organisms. Similar screenings of these isolates were performed with lux4 probes from V. fischeri, P. leiognathi, and P. phosphoreum, all yielding negative results; in no case were any positive hybridizations between the Kuwait isolates and probes from these species seen (data not shown). (25) . Parentheses indicate that a trait showed a small degree of variability. PHB, poly-p-hydroxybutyric acid. Strains were those listed in Materials and Methods. Data for V. orientalis were taken from Yang et al. (35) . K-2 to K-10 are Kuwait isolates in the V. harveyi group; K-1, K-11, and K-12 are Kuwait isolates in the V. splendidus group.
RESULTS
With the short method of luminous bacterial taxonomy (17, 25) , all of the Kuwait isolates could be placed in the V. harveyi group, as shown in Table 1 . These results are typical of those obtained in many previous studies done in our laboratory and others, as mentioned above.
Given the apparent inconsistency between the results shown in Fig. 2 and Table 1 , we prepared a hybridization probe against strain K-1 by using the primers and polymerase chain reaction amplification methods described in Wimpee et al. (34) . When this probe was used to probe the entire collection of DNAs from the luminous bacteria, it hybridized strongly to DNA isolated from V. splendidus but showed little or no hybridization to DNA isolated from any other organism (Fig. 3) , suggesting that K-1 might belong to the V. splendidus group. A luxA probe was also made against strain K-3, which was expected to be in the V. harveyi group; it hybridized to DNAs from nine of the Kuwait isolates as well as to V. harveyi DNA but not to DNA isolated from any other organism (Fig. 4) .
With this knowledge in hand, we made a lux4 probe by using the DNA from V. splendidus (ATCC 33369), and this probe was tested against the Kuwait isolates and other organisms in the collection. As shown in Fig. 5 , the V. splendidus probe hybridized to three Kuwait isolates as well as to V. splendidus but to no other organisms, indicating a rather species-specific response; these results are all consistent with K-i, K-11, and K-12 being members of the V. splendidus taxonomic group. Table 2 shows .he results of a more extensive phenotypic taxonomic analysis of the Kuwait isolates, modeled after that described by Yang et al. (35) . The results are consistent with these bacteria being placed into the V. splendidus group, as was suggested from the hybridization probe studies. The results presented here make a strong case for the use of molecular probes for taxonomic and ecological studies. In a few days, it is possible to obtain reliable identification of the luminous bacteria that can be cultured from a given area, identification that has more resolution than taxonomic methods that take weeks and resolution equal to that of methods that may take months. It seems prudent to continue the development and testing of probes for the identification of all of the major marine species, including some that are not yet separable by probe methods, such as V. harveyi and V. orientalis (34, 35) , as well as physiologically distinct luminous species, such as Shewanella hanedai (12, 15) . Such methods should be of great value in the presence of temporal and spatial variations, for which standard taxonomic approaches may be prohibitive because of the labor-intensive techniques involved.
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